Livelihood diversification is one of the essential climate adaptation strategies with positive outcomes on household's standard of living. Therefore, the identification of factors that are necessary for livelihood diversification are crucial. Within a gender perspective, this study analysed the determinants of livelihood diversification among farmers in the northern regions of Ghana. A multistage sampling procedure was used to select 619 farmers and the data was analysed using multivariate probit regression for the pooled and separately for the gender groups. The livelihood diversification strategies identified were crop diversification, crop-livestock diversification, crop-trade diversification, crop-agroprocessing diversification and crop-professional/skilled employment. The multivariate probit results showed that socioeconomic, institutional factors, climate factors, and household assets have significant influence on each diversification strategy. The assumption of gender difference in the factors that influences livelihood diversification is appropriate since some factors which influence specific livelihood diversification for females do not have significant effect on males. Improving the financial assets, social and human assets of farmers is important to enhance the diversification of farmers. There is also the need to improve awareness of farmers on climate shocks in order to enhance diversification decisions.
INTRODUCTION
Climate change and its associated impacts have become a global concern. The effect is not universally distributed as some groups or geographical areas are more impacted than others. One of the major group with differential climate impact is gender groups. Generally, two options are available for responding to climate change and these are mitigation and adaptation. Although both strategies are crucial in the fight against climate change in the short and long term, adaptation has become a localised strategy that is implemented at the individual or group levels. Adaption has also become more crucial to provide short term gains to households and to recover from environmental shocks such as floods and droughts. Adaptation is crucial because it is mostly stimulated by climate variability such as floods and droughts other than climate change (Berrang-Ford et al., 2011). Mostly, these strategies are adopted as anticipatory, reactive or proactive measures. Among others, the primary goal of adaptation is to reduce or spread risks and secure income or resources (Berrang-
Ford et al., 2011).
Adaptation is the adoption of specific strategies in order to secure livelihoods by using resources more efficiently. Adaptation occurs by reducing exposure to a known threat (Wilby and Dessai, 2010), in this case, climate change and variability. It is a localised concept as the strategies to adopt depends on the available opportunities in terms of the presence of the strategy and the availability of resources for its adoption. Efforts towards sustainable agriculture requires that actions and inactions of farmers and other actors in the agriculture sector contribute positively to ending hunger and poverty and ensuring a carbon-neutral world. From Downing (1993), the ultimate effect of climate change depends largely on the adaptive responses. As such, adaptation to climate change is gaining more prominence. FAO (2016) argued that in the absence of "adaptation to climate change, it will not be possible to achieve food security for all and eradicate hunger, malnutrition and poverty". An important characteristic of adaptation is that the costs of action is a fraction of non-adaptation or inaction. Wossen et al. (2017) argued that with smooth adaptation, climate change impacts can be minimised substantially and adverse effects of food security could be altered.
Generally, the recent literature on adaptation can be classified as following a bottom-up or a top-down approach (scenario-led) (Wilby and Dessai, 2010). Topdown studies examined adaptation in a global perspective and therefore generalised conclusion on the nature and effects of adaptation. Contrarily, bottom-up studies examined adaptation in a local perspective. In bottom-up, the analysis commence with the factors and conditions that enable successful coping with climate related threats at the individual, household or community level (Wilby and Dessai, 2010). Although both provide insights into the need and potential effects of adaptation, there is the need to give much attention to the bottom-up approach in order to identify localised strategies required to address the environmental changes. Yaro and Hesselberg (2016) noted that understanding adaptation in West Africa is essential since developmental challenges are knotted with climate. Also, a detailed analysis of adaptation helps to identify which interventions or diversification strategies are more helpful and to whom it is most helpful (Yaro et al., 2016). Economic views and analysis of adaptation are moving from market solutions and cost-benefit to include inequalities and behavioural biases (Wong et al., 2014). This is because of class differences in adaptation and returns from adaptation. For instance in a study by Jost et al. (2015) , male farmers in Ghana mentioned female farmers as primary decision makers in the adoption of new crop varieties since they are responsible for household food supply. On the other hand, the female farmers described their male counterparts as the primary adopters since the males aim mainly at maximising their profits. Similarly, due to control over resources, male farmers adopts strategies such as fertiliser application while female farmers diversify into non-farm jobs (Riede et al.,
2016).
Although adoption of sustainable agricultural practices could improve yields and income, the increases in income cannot be sustainable under the uncertainty in climatic conditions, hence the need for diversification to further enhance farmers' resilience (FAO, 2016b). Thus, one of the localised adaptation strategies is livelihood diversification. Farmers' understanding of climate variations has preconditioned them to diversify into nonfarm and on-farm activities, primarily, to reduce the risks from agriculture and to maintain or improve household's livelihood outcomes. In a focus group discussion in Kanshegu community of Ghana, men's group indicated that 'farming is no longer good so we need to diversify our livelihood' while the female's group indicated that 'every woman now wants to engage in more than one activity as a way of achieving livelihood security' (Yaro et al., 2016, pp.71). To maximise the expected benefits from these diversification strategies, it is imperative to understand the factors that influence the adoption of each livelihood strategy within a gender perspective. This would help identify the factors that are needed to be promoted to enhance livelihood diversification among males and females. Therefore, this study is designed to analyse the determinants of the adoption of various livelihood diversification among farming households.
Review of empirical studies on livelihood diversification
Ofolsha and Mansingh (2015) analysed the determinants of livelihood diversification among female headed households of Ethiopia using a multinomial logit. This study showed that farm and livestock based diversification are the major diversification strategies adopted by farmers. However, there are other diversifications into non-farm activities such as petty trading and handcrafts. The factors that had significant influence livelihood diversification of the households were dependency, irrigation water, total livestock ownership and land area cultivated. The authors concluded that female headed households engage in diversification in order to offset low resource endowment challenges. The study of Debele and Desta (2016) found that the major diversification strategy of pastoralist were crop production, petty trades, firewood and charcoal production while livestock contributes more to household income. The factors that significant influenced the adoption of the various diversification strategies were the age of the household head, education level of household head, size of livestock holding, distance to market and access to rural credit. The authors argued for an enhanced provision of credit facilities and the development road facilities. Contrary to most studies on the role of credit in diversification, Simtowe (2010) found that access to credit reduces the probability of diversifying from agriculture.
Owitti (2015) analysed the gender differences in livelihood diversification on the premise that there is less research effort on the analysis of gender-based inequalities. In addition to on-farm diversification, both men and women engages in off and non-farm livelihood diversification strategies to mitigate food stress in periods of shock. The study found a significant power imbalance between men and women. Women than men were found to engage in unpaid jobs, with high domestic work burden and constraints of livelihood diversification such as socioeconomic and sociocultural constraints. In analysing livelihood diversification within a gender perspective in northern Ghana, Zakaria et al. (2015) found that although livelihood diversification is common among gender groups, it is high for males than females. In a similar study, Javed et al. (2015) found that non-poor, female headed households with larger family sizes have high diversity than the male heads with smaller household sizes. This is similar to the finding of Simtowe (2010) where female heads have high probability of diversifying into non-farm activities. Albore (2018) argued that diversification is a norm in most economies since farm income is insufficient for a decent living. In a review and consistent with many others, Albore (2018) classified the determinants of livelihood diversification into push and pull factors. The author showed that push factors dominant in high risk and low potential agricultural areas, and this includes climatic conditions, land constraints and market constraints. On the other hand, pull factors are opportunity-led conditions where there are expanded range of high return livelihood activities in addition to farming. Albore (2018) outlined that these factors can be social, institutional, economic or demographic. Specifically, Gebreyesus (2016) found in their study that the livelihood diversification is significantly explained by the age, education, number of non-farm activities, market distance, number of livestock, credit cost and farm size of the respondents. Similarly, Kassie et al. (2017) found age, gender, membership of farmer cooperation, education and distance to the proximate market to influence livelihood diversification in different directions. The literature on the determinants of livelihood diversification in northern regions of Ghana appears to be absent, hence the need for this study to address this literature gap.
DATA AND METHODS

Study area
The study was conducted in the three northern regions of Ghana (Upper East, Upper West and Northern regions). The area is located within latitude 80-110N and longitude 00-30W. As at the last general housing and population census in 2010, the three regions had a total population of 4,228,116, representing 17.1% of Ghana's total population. The average population growth of the region is 2.0%, lower than the national population growth rate of 2.5% (GSS, 2012).
Unlike in the southern and middle belts of Ghana, the northern regions experience a unimodal rainfall. The rainfall in the regions range between 916mm to 1,169 mm. the unimodal rainfall limits crop production to a single season in the while year. Therefore, farmers have lots of idle periods for other livelihood activities. The soil pH is within 4.5-6.8 with about 0.5-2.5% organic matter (MoFA, 2013). Agriculture is the main economic activity, employing 71.9% of the economically active group; the three northern regions has the highest proportion of agricultural households and far above the national average of 45.8% (GSS, 2014). Poverty levels, inequality and rural population is higher in the three northern regions than other regions of Ghana.
Sampling design
The study population is maize farming households who cultivated maize in the 2016 cropping season and located in the three northern regions. The study lack data on the actual number of maize farming households in the targeted regions. Therefore, the sample was determined using single population proportion approach (Cochran, 1977; Tessema, 2017) which rely on information on the proportion of a particular interest in the total population. In this study, the interest is the proportion of farmers in the entire active workforce which is 71.9% (GSS, 2012). The single population proportion approach is given as Eq. 1 (Cochran, 1977).
Where: z is the z score,  is the margin of error, ̂ is the population proportion. Given a population proportion as approximately 72% (0.72); a 95% confidence level that the estimated sample reflects the true sample if the actual population was known, thus a Z score of 1.96; and a 5% margin of error, the sample was obtained as Eq. 2. 
Therefore, a minimum of 307 farm households must be selected for the study. However, this was adjusted to 432 farm households. In selecting the respondents, a multistage sampling procedure was used. Among the ten administrative regions of Ghana, the three northern regions were selected due to their high vulnerability to climate change, high reliance on agriculture and high poverty levels. Again, maize farmers were purposively selected because it is the number one crop cultivated and consumed by almost all households. In the second stage, stratified sampling was used to put all districts the regions into three strata based on the prevalence of poverty in the region (GSS, 2015). Poverty was used as the basis for stratification since it is one of the major livelihood outcomes. The strata were poor, middle and rich class districts. Simple random sampling was then used in selecting at least one (1) district from each stratum in each region. Also, using simple random sampling approach, three communities from each district were selected, given a total of 27 communities from the three regions. In the final stage, stratified sampling was used to put maize farmers from the selected communities into groups. Thus, the sample frame was categorised into two as female and male household heads. From the 2010 population census (GSS, 2012), 23% of the household heads in the three northern regions are females while the remaining 77% are men. Therefore, using proportion allocations in stratified sampling, a total of 324 male and 108 female household heads were selected, respectively. Also, to account for intra-household gender differences in livelihood diversification, a wife of 57% of the sa mpled male household heads who had also cultivated maize on their own farms in the 2016 cropping season were selected. This gives a total of 187 female spouses. Therefore, the total sample becomes 619 farmers.
Data type and data collection
The study used cross sectional primary data which was collected using questionnaire. The questionnaire was designed through a comprehensive process with input from other scholars and policy makers. The questionnaire was administered by a minimum of four Research assistants in each region. The research assistants were selected based on their experience in questionnaire administration, fluency in English and local dialect. A training workshop was held for the Research assistants.
The literature provides that several livelihood diversification options are available for farmers. Therefore, farmers make decision on engaging in various livelihood activities based on their expected utilities and available resources. Since a farmer can engage in a number of livelihood strategies simultaneously, a multivariate probit was used to estimate the factors influencing farmer's decision under each option. The advantage of multivariate analysis is that it allows the estimation of household's choice of one or more livelihood activities simultaneously and also provides the opportunity to demonstrate the joint decision making processes (Rahman and Akter, 2014). Following Greene (2012), this is discussed below.
The multivariate probit is an extension of bivariate probit that is used in situations where there are two binary response variables. For instance, if we want to examine the factors influencing farmers' crop diversification and croplivestock diversification, the decision by a farmer on these two diversification systems are autonomous. Therefore, we model for the two options simultaneously using the bivariate probit model. The bivariate probit model is given by (Greene, 2012) (Eq. 3). This also means that;
Using maximum likelihood estimation, the bivariate normal cumulative distribution unction (CDF) can be given as Eq. 5.
Therefore, the density function would be given by Eq. 6.
To derive the log-likelihood, the following notations are used; ( 1 = 1 , 2 = 2 | 1 , 2 ) = 2 ( 1 , 2 , * ) Therefore the log-likelihood function (Eq. 7).
= ∑ 2 =1
( 1 , 2 , * )
Given the above information, the multivariate probit model can be extended as Eq. 8. * = * + , = 1 if * > 0, and 0 if otherwise, m = 1,2, … , M
Where;
The log-likelihood function (Eq. 10). 
RESULTS AND DISCUSSION
Distribution of livelihood diversification among farmers
The distribution of livelihood diversification among the sampled respondents (Tab. 2) shows, that irrespective of the gender group, the majority of maize farmers engage in crop diversification and crop-livestock diversification. These were nonetheless higher for male heads than the female groups. However, more females (both female heads and female spouses) engage in other livelihood portfolios than male heads. This implies that while onfarm diversification is higher for males, non-farm diversification is higher for females.
Model diagnosis
From the result, the estimated Wald chi squares in all four models were statistically significant, implying that the estimated models were well fitted. The joint correlation tests in all the models were also significantly different from zero (Table 3 ). The significance of the joint correlation means the hypothesis that the adoption decision of livelihood diversification strategies is independent (zero correlation between the error terms) is rejected; hence, the estimation of the multivariate model is appropriate. Also, most of the paired correlation test between livelihood strategies were significant and positive or negative (Table 3 ). The positive correlation means that these livelihood diversification strategies are complementary with the negative correlation means that these strategies are substitutes. Generally, majority of the paired correlations were negative, suggesting a high substitutability of the diversification strategies. This was expected as engaging in these strategies require resource investment.
Factors influencing the adoption of various livelihood diversification strategies
In the following sections, the factors that influenced the adoption of the various livelihood diversification strategies are provided.
Factors influencing crop diversification
Crop diversification involves the cultivation of more than one crop either on the same plot or on separate plots. In this study, crop diversification is defined as the cultivation of any other staple crop in addition to maize. In diversification literature, crop diversification is one of the strategies that is highlighted to improve household food security and welfare, amidst climate change. For instance, Neudert et al. (2015) provides that households become wealthy with higher crop diversity while Birthal et al. (2015) argued that crop diversification into high-valued crops can enhance household's livelihood outcomes such as food security and welfare. The factors that significantly determine households' decision into crop diversification are gender, age, extension, contract farming, windstorm, flood, climate information, financial assets, physical assets, social assets, human assets and technological assets (Tab.4). Gender had a positive effect on crop diversification and this means that male heads have a higher probability of engaging in crop diversification strategy than the females. This could be due to the vital role men play in providing food for the family. In most rural homes, men usually engage in the cultivation of multiple food crops to meet the food diversity needs of their families while women's crop productions are mainly to complement males' production. This is consistent with the findings of Age had a significant effect on crop diversification among the male heads and also for the pooled sample. The negative marginal effect means that the younger male heads or the younger farmers in general have a higher probability of cultivating an additional staple crop than the older farmers. In adoption studies, younger farmers are described as early adopters due to their innovativeness and their desire to try new things. Consistently, Shahbaz et al. Extension access had a significant effect on crop diversification among male heads and the pooled sample. These effects were negative. Thus, male heads or farmers who had access to extension services have a lower probability of engaging in crop diversification. Although this is contrary to expectations, it is conceivable since extension services are often crop tailored. Thus, the services are provided to farmers cultivating a particular crop with no or minimal crop diversification promotion. The effect of contract farming is positive in all models but significant for the pooled sample, male heads and female heads. This means that farmers, particularly, male and female heads who engaged in contract farming have a higher probability of diversifying crops. Contract farming provides opportunity for farmers to receive both physical inputs such as improved seeds and technological assistance from their partners.
The effect of flood on males' decision was negative but positive on females' decision and when pooled together, the effect was also negative. This was significant for male heads and the female heads. These effects mean that while male farmers who experienced flood within the past three years have less probability of engaging in crop diversification than those who did not experience flood, female farmers who experienced flood have higher probabilities of diversifying their crops. The study of One would expect that with climate information, the farmers would cultivate multiple crops other than only maize. However, the survey revealed that farmers that received climate information are able to identify the type of crop or maize variety to cultivate based on the information available to them. Therefore, they are likely to engage in crop specialization than crop diversification.
Financial asset (measured by access to credit) significantly influenced farmers' decision into crop diversification. Thus, male farmers and farmers as a whole, have a higher probability of engaging in crop diversification if they have access to in-cash or in-kind credit. The effect of credit on diversification can be explained through its effect on resource mobilization. The credit risk averse nature of females could explain the insignificant effect among the female spouses. Consistently, Adam and Zakaria (2015) also estimated no significant effect of credit on crop diversification by females. Physical assets had a negative significant on crop diversification decision of female spouses. On the other samples, the effect was positive but insignificant. The negative significant effect means that female spouses with higher physical assets have a higher probability of engaging in crop specialization than diversification. From Ngigi et al. (2017), the level of consumer durable assets was found to improve the probability of female spouses' adopting crop related climate smart technologies. Shahbaz et al. (2017) also found that households with tractor (a physical asset) ownership have higher crop diversification intensity. Social assets had a positive effect on both males and females as well as when gender blind is assumed. However, this effect is significant in only female heads and the pooled samples. While groups serve as a source of labour, providing assistance to each other (Ngigi et al., 2017), peaceful coexistence ensures that farmers have peace of mind to engage in their livelihood activities. This is consistent with the findings of Dube and Guveya (2016). There is a positive effect of human assets on crop diversification in all models but significant for only the pooled samples. Thus, with higher human assets, famers have higher probabilities of engaging in crop diversification. Studies such as Asravor (2017) and FAO (2016) also estimated a positive effect of education on crop diversification.
Technological assets had a positive effect on all models and also significant for all except male heads. This implies that the probability of engaging in crop diversification increases with the technological assets level. Empirically, Mesfin et al. (2011) found that farmers who own machineries such as water pumps have a high probability of crop diversification. However, Dube and Guveya (2016) found that farmers who engaged in irrigation farming have lower crop diversification index.
Factors influencing mixed maize crop-animal diversification
This section examined the factors influencing maize farmers' decision to engage in animal rearing as a livelihood strategy; thus, simultaneous maize-animal farming. Mixed crop-animal production system is an environmentally and economically sustainable production method where farmers engage in the production of crops In this study, a number of socioeconomic, climate and asset factors had significant influence on both male and female farmers' probability of engaging in this farming system (Tab. 5).
Gender had a positive significant effect on diversification into animal production (Tab.5). This implies that the male heads have higher probability of engaging in this diversification portfolio than the females. This again justified the need for the segregation of the estimation based on the gender groups.
In all models, age had a negative effect on farmers' decision to engage in animal rearing. This is significant for all models except male heads' model. This means that younger farmers, particularly, younger female have a higher probability of engaging in mixed maize cropanimal farming system than the older farmers. Consistent with the findings of this study is the work of Jiao et al. (2017). Extension service had a negative significant effect on farmers' decision when the pooled sample is assumed. However, the effect is insignificant when gender samples are considered. The negative effect means that farmers who had access to extension services have a lesser probability of integrating animals into the crop farming systems than those who did not received extension service. Training had a mixed effect on crop-animal diversification as this was positive and significant for male heads but negative and significant for female heads. Thus, while male heads that had some form of training in crop production have a higher probability of engaging in mixed crop-animals farming, the reverse is the case for the female heads.
The number of adults in a household have a negative effect on animal rearing decision in all samples except that of the male heads. However, this effect is significant on only female spouses. This means that female spouses that have many adults in their households have lesser probability of engaging in mixed crop-animal farming system as a respond to climate change. In most agrarian households, adults provide readily available labour to each other, especially, the household heads.
Farmers, particularly male heads and their spouses, who experienced droughts over the past three years have a higher probability of engaging in integrated crop-animal farming. The reverse is true for the female heads, although insignificant. One reason for which animal rearing is a preferred adaptation strategy is the low dependence on rainfall for animal rearing. Therefore, it is conceivable that maize crop farmers who have experienced drought would engage in animal rearing since they can obtain water from sources such as pipes, boreholes or streams for the animals. However, flood had a negative significant effect on crop-animal diversification for the female spouses. Although insignificant, the positive effect of flood on diversification by the pooled sample, male heads and female heads are consistent with the researcher's apriori expectation. Generally, farmers who are able to observe or perceive the trend in climatic variables such as rainfall and temperature have a higher probability of rearing animals than those who perceive the trends in climate variables wrongly. The implication thereof is that those who have the right predictions are able to take precautionary measures and adapt to climate change accordingly. This is particularly significant for the pooled sample.
In all samples, financial assets have a positive effect on the decision to integrate animals into crop farming, but significant for only the pooled model. Thus, farmers or households with high financial assets have higher probabilities of engaging in mixed crop-animal farming than those with lesser financial asset. Financial assets provide a source of income for farmers and this could be a source of motivation towards the decision on animal rearing. Soltani et al. (2012) explained that access to financial capital encourage households to engage in lucrative activities that require less labour and land. Similarly, Asante et al. (2017) estimated a positive significant effect of credit on both the decision and extent of livestock diversification and also, a positive effect on the extent of crop-livestock integration. The effect of social assets on integrated crop-animal farming is positive in all models but significant for only the female headed households. In most farming communities, social asset is a major source of information, knowledge and labour. Therefore, with higher social assets, households can make the decision on rearing animals since they may get the social support for such activities. Human assets also have a positive effect on farmers' decision into integrated cropanimal farming. This is however significant for all samples except for male heads. This implies that farmers with high human assets have a higher probability of engaging in animal rearing. Consistently, Jiao et al. found that, there is a negative relationship between education and livestock rearing in Ghana. The study also revealed that with increased technological assets, famers in general have an increasing probability of rearing animals in addition to crop production. This support the need for making technologies more available, accessible and easy to understand and use by the households.
Factors influencing households' crop-trade diversification decision
Trading involves buying and selling. It is one of the common livelihood strategies especially in informal economies such as rural agrarian communities. From the literature, trading is generally classified under non-farm diversification portfolios. The results for the determinants of crop-trade diversification (Tab. 6) shows the factors that had significant effect on the decision by farmers to engage in trading and crop farming simultaneously as a livelihood strategy in response to climate change and variability are discussed.
Expectedly, gender had a negative significant effect on trading decision by the farmers. Thus, females have a higher probability of engaging in trading activities than the males. Observation from Ghanaian economy suggests that females often engage in trading activities than males. This is contrary to the result of Mathenge and Tschirley (2015), where male heads have a higher probability of engaging in business and informal activities.
The higher the number of hours spent at home, the lesser the probability of engaging in trade activities (Tab. 6). This is specifically significant for female spouses and the pooled samples. Female spouses have much domestic activities to perform than the males, for instance, the provision of water, cooking and caring for children. Therefore, this effect is observed through the loss of time for engaging in trading activities in addition to farming. The number of adults present in a female headed household decreases the probability of engaging in croptrade diversification for the female heads. Contrary to this finding, Asmah (2011) found that the number of household members in various adult categories (15-59 years) have positive significant effects on non-farm diversification activities. Owusu et al. (2011) estimated that while household size generally leads to higher probability of non-farm employment, dependency ratio decreases the probability of engaging in the same activities. In general, experienced farmers have a lesser probability of engaging in crop-trade diversification than the less experienced farmers. This is significant for the pooled sample and the female heads. The study observed that, the experienced farmers have fair knowledge on climate change and are able to adopt crop production systems to minimise its impacts. Therefore, the probability of engaging in trading as a climate response strategy is lower for these experienced farmers. Access to extension services have a negative effect on the decision to engage in crop-trade diversification by both males and females. This effect is significant for all samples except male heads.
Windstorm has a mixed effect on household's decision to engage in crop-trade diversification. While male heads whose homes were affected by windstorm for the past three years have a lesser probability of engaging in crop-trade diversification, female heads that had similar windstorm impacts have a higher probability of engaging in crop-trade diversification. This effect was also positive for female spouse except that it is insignificant for these respondents. This demonstrates gender difference in factors that drives adaptation to climate change. The effect of forest fires on crop-trade diversification is significant and negative for female spouses. Thus, female spouses who experienced bushfires have a lesser probability of engaging in trading activities.
Assets that have significant effect on crop-trade diversification includes financial assets, physical assets, social assets and human assets. Financial and human assets have positive effects on female heads' decision to engage in crop-trade diversification; physical assets have a positive effect on male heads' decision to engage in crop-trade diversification; social assets have negative effect on female spouses' decision to engage in crop-trade diversification. The positive effects of financial, physical and human assets suggest that the probability of engaging in trading increases if the levels of these assets increase. This demonstrates the need to expand the asset level of these households in order to enhance their diversification into non-farm activities such as trading. 
Factors influencing farmers' crop -agro-processing diversification decision
This section involves the analysis of the factors that influence farmers' decisions to engage in diversification into agro-processing activities. A number of factors had significant effect on the farmers' decision (Table 7) . These includes home keeping hours, experience, adults, extension access, training, drought, forest fires, climate information, financial assets, physical assets, social assets, human assets, technological and political assets. The specific effect of each factor is discussed below.
Although negative, the effect of gender on diversification into agro-processing is insignificant. Generally, female farmers and entrepreneurs are engaged in agro-processing than the males. This is consistent with the findings in Table 7 where more females than males engage in agro-processing.
The total number of hours spent on domestic activities had a positive significant effect on male headed households' and a negative effect on females' (significant for female spouses) decision into agro-processing. In most instances, men have much time to engage in off-farm activities than females since domestic works such as cooking are solely women activity in the northern Ghana. Matshe and Young (2004) argued that, the low level of females' participation in off-farm work is due to their time commitments at home and the general bias in labour time allocation. Relatedly, Kassie et al. (2017) elucidated that females perform activities such as cooking and child bearing/caring which are not considered as income generating activities but limits available time for engaging in diversification activities outside the farm. Household adults provides an essential labour that are readily available and at a minimum or zero cost. Therefore, households with many adults would have a positive urge to engage in off-farm activities. This was confirmed by the positive significant effect of adults on agro-processing diversification (Tab. 7). This is consistent with the work of Matshe and Young (2004) where households with many household adults had a higher probability of participating in off-farm work and spend longer hours on these activities than those with fewer household adults. In a related study, Ali et al. (2017) found that farmers with larger household sizes have a higher probability of engaging in off-farm activities such as agroprocessing. Experience had a negative effect on agroprocessing diversification on the pooled and female spouses but negative for the male heads and female heads samples. However, this was significant for only the female spouses. Consistently, Ullah et al. (2015) found that, experienced farmers are more likely to avoid diversification in response to climate risks. Contrary, Danso-Abbeam et al.(2017) estimated that farmers with higher experience in maize farming have a higher probability of engaging in off-farm work. Farmers, particularly, female heads that had access to extension services had a higher probability of engaging in off-farm diversification. This was expected as extension services in recent times include agribusiness education such as agroprocessing. Contrary and although not statistically significant, Kassie et al. (2017) found an inverse relationship between agriculture extension and off-farm work engagement.
The climate related factors that significantly influenced the decision to engage in agro-processing are drought, forest fires and access to climate information. For instance, farmers who experienced climate shocks, specifically drought and forest fires in the past three years have a higher probability of engaging in agro-processing than those who did not experience any of these shocks. This is due to the fact that climate shocks farming is highly exposed to the negative impacts of these shocks and the farmers quest for maintaining the standard of living of their families. In recent years, drought has become a major challenge to most of the farmers in northern Ghana, while floods are also affecting lives and properties, especially at the cities. Therefore, farmers may engage in agroprocessing activities as a way of spreading risks from total crop failure due to climate shocks and add value to farm products. It is consistent therefore that household heads (both males and females) that had access to climate information have a lesser probability of engaging in agroprocessing. Thus, with access to climate information on climate shocks and information on the weather, farmers are better placed to make farming decisions and this reduces their probability of engaging in off-farm activities. This is consistent with Mathenge and Tschirley's (2015) noted that rural households engage in off-farm work to offset the effects of weather shocks on farms.
All assets had positive significant effect on diversification into agro-processing except financial and technological assets that were negative. This means that if household's assets are increased, the probability of engaging in agro-processing activities would also increase. This reiterates the important roles assets in shaping the livelihood of households. The negative significant effect of financial asset on agro-processing decision by the farmers can be due to the positive effect of credit on capital mobilization for farm activities and the ability to purchase farm inputs. The negative effect of credit on agro-processing in this study is consistent with the findings of Kassie et al. found that, assets have a positive effect on the probability of engaging in off-farm work but a negative effect on the hours spent on these activities.
Determinants of crop farmers' diversification into professional and skilled employment
One of the major forms of livelihood diversification is professional employment and skilled jobs. It is important to note that professional/skilled employment is a form of non-farm activity. In the case of professional jobs such as teaching and health works, farming is considered as a secondary job while farming remained a primary occupation for most farmers with skilled professions such as woodcarving, dressmaking or hairdressing. In this section, the factors that influence farmers' decision to engage in professional or skilled jobs as a response strategy to climate change are discussed (Table 8 ). The factors that significantly influence diversification into processional/skilled jobs are gender, age, home keeping hours, extension, contract farming, training, climate information, forest fires, climate perception, financial assets, physical assets and technological assets (Tab. 8).
There was a negative significant relationship between professional/skilled employment and gender. This means that female household heads or spouses have a higher probability of engaging in professional activities than the male heads. Although this is contrary to a priori expectations, observations from rural settings of Ghana where this study is conducted suggests that skilled employment is more common among the females than the males. Contrary, Asfaw et al. (2017) however observed that females have less probabilities of engaging in nonfarm works because they engage in household chores that limits their available time for non0farm work.
Age had a negative significant effect on diversification into professional/skilled employment among male household heads and when a pooled sample is assumed. This means that the relatively younger male heads or farmers in general have a higher probability of engaging in skilled and professional activities than the older farmers. This is consistent with the findings o f Mathenge and Tschirley (2015). Expectedly, the higher the education of a household, the higher the probability of engaging in skilled or professional employments. Like most other parts of Ghana, persons with higher education would want to engage in white collar and skilled jobs. found that household heads with higher education have a higher probability of engaging in salary employments. The number of hours spent on domestic works had a negative effect on males but positive effect on females. However, the effect is significant for only the females. Although it was expected that domestic hours would reduce available time for economic engagement and diversification, it can be argued that skilled jobs are often performed at home or within the community. Therefore, females may be able to easily combine these skilled jobs with domestic activities than the males. Experience in farming has a negative effect on the decision to engage in skilled and professional activities for all samples except for male heads. However, this effect is significant for only female spouses. The effect of extension on the decision to engage in skilled and professional employment is positive and significant for only male heads but negative and insignificant for the females. This implied that irrespective of access to extension service by females, their decision on engaging in skilled employment remained significantly unaffected. Asfaw et al. (2017) also estimated that farmers with access to extension services have a higher probability of engaging in skilled employments. There is a negative relationship between contract farming and skilled or professional activities. This relationship is significant for all samples except for female spouses. This means that farmers who engage in contract farming have lesser probabilities of engaging in professional and skilled employments than those who do not engage in contract farming. Contrary to expectations, farmers who had any form of training in crop production have a lesser probability of engaging in skilled or professional activities.
Climate shocks and climate related variables have significant effects on crop farmers' diversification into skilled or professional jobs. These factors include forest fires, climate information and perception on climate change. For instance, there is a negative significant effect of forest fires on the decision of male heads or farmers in general to engage in skilled and professional employments. This is contrary to a priori expectations. Also, farmers, particularly male heads, who had an information on climate change and have perceived changes in climatic conditions appropriately have a higher probability of engaging in skilled and professional jobs. This means that with climate change, farmers are more likely to more away from farm activities to non0farm activities. Contrary, Mathenge and Tschirley (2015) found that households that are located in high rainfall regimes are less likely to engage in salary employments.
Among household asset variables, financial assets, physical asset and technological assets had positive significant effect on diversification into skilled and professional jobs. For instance, financial assets lead to higher probability of engaging in skilled jobs by the farmers in general. The learning of skill or professional activities requires money. Therefore, it is possible that access to agricultural credit relief household income to pay and learn skill and professional activities or that some parts of the credit received are diverted to the learning of these activities. Thus, the real income of the households increases with access to credit, thereby, promoting the learning of skilled or professional jobs. This is consistent to Asfaw et al. (2017) where they estimated a positive effect of access to microfinance on diversification into non-farm employment. Consistently also, Kassie et al.
(2017) estimated a positive effect on diversification into non-farm activities. Also, physical assets had significant effect on diversification into skilled jobs by male heads, female heads and farmers in general while technological assets lead to higher probabilities of diversification by female spouses.
Predicted probability distributions
The predicted joint probabilities of diversification by the respondents (Fig. 1) show that the joint probability of the farmers engaging in none of the livelihood activities is higher (0.015) than the joint probability of engaging in all livelihood activities (0.006). This difference was highly observed among female heads than other category of respondents. The implication is that there is minimal chance for a more diversified livelihood among the Ones Zeros farmers. However, the female spouses have a higher probability of adopting all diversification portfolios. This is consistent with the estimated negative correlation among the strategies as observed in Table 5 CONCLUSIONS AND RECOMMENDATIONS This study examined the factors that influence livelihood diversification among male heads, female spouses and female heads. It involved a multivariate probit model with five equations; crop diversification, animal rearing, trading, agro-processing and professional or skilled employment equations. The estimation of this model was justified by the model diagnosis results. The results highlighted that socioeconomic, climate factors, and household assets have significant influence on each diversification strategy. Depending on the gender group, the effects (either the level of significance or the sign of the marginal effect) of these variables differ. Importantly, climate shocks and access to climate information are important in defining the livelihood diversification strategies of a household. Conclusively, the assumption of gender difference in the factors that influences livelihood diversification is appropriate since some factors which influence specific livelihood diversification for females do not have effect on males. Even in situations where these factors affect both males and females, the direction of the effects differs. There is the need to make climate information available to the farmers on regular basis. Perhaps, this could be done through mobile phones in native languages. Social policies and interventions that can reduce the domestic hours for females should also be promoted. Farmers, government and non-governmental agencies should promote effective social networks and extension service to the farmers since this promote their diversification decisions.
